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A bstract

The high resolution absorption spectrumm of C'Hzl) in the region 900 - 1700 e ! has been
revisited onthe basis of new lonig path experinental data recorded with the Fourier transform
spectrometer at Kitt Peak. A theoretical inode] used previously for spherical rotors has been
adapted for polyatomicinoleculesin order to analyze the vibrational polyads of C'Hzl) simul -
tancously. Both ‘Iriad and Nonad-‘Itiad band syster ns have been investigated. The hot band
intensities were estimated through direct extrapolation of the ‘Iviad dipole moments. 600" lines
from the hot bands have been assigned and combined with other data for the "I'riad. The main
hot bands contributions are duc to 2 - vg, 213- 4, V3 vg- vz and vy 4 vg g bands. The stan-
dard deviation achicved for 3377 line positions Of the ‘1 viad was 0.56 10 # ern:, rep reseuting
animprovemcent of one order of magnitude withrespectto the mostrecent analysis.

.. Introduction

Mecthane is an important constituent of the planctary atiospheres. Recent works have
provided modelized spectroscopic data (successfully modeled line positions and intensitics)
for the tetrahedral isotopic species '2CHyand *CHy (1) - (7), and then predicted line
parameters with accuracies close to the requirements of atmospheric applications from the
microwave to infrared up to the 3 pm reg ion. Iowever, the analysis of the C'131) spectrum
isincomplete above 2400 amn” ‘. For example, while the spects oscopic databases like (8) or
(9) conlain rcasonable prediction s for the four fundamentals between 1150 and 2200 e~ !,
the 2400 to 3200 am‘ " region essentially consists of experimental values mecasured innatural
isotopic abundance which were partially assigned fromn unpublished work by Olson (see Refs.




(&), (10). The analysis of this upper region is very complex because it involves a set of nine
interacting states (the Nonad) shown in Table 1. To facilitate the analysis of this polyad,
an extended re-analysis of the lower polyad (73, 5, 6) has been perforined so that Nonad
levels could be identified through the hot band transitions in the Nonad - Triad system. The
strongest features of the absorption spectrumn of CHaD in the 900 - 1700 ¢ ! region arise
from the three lowest fundamentals (vs, U5, 176). Some 3240 Triad positions and 80 intensitios
have been previously analyzed by Tarrago b al. (11),(12), (18), (/4) with rins valucs of
0.007 en” ! and 3.4 % respectively. In the present work, some 300 new ‘I'riad assigniments and
600 transitions fromn the hot bands have been located. Howe er, the assignment process via
the method of combination differences required that the ‘Triad levels be calenlated with better
accuracies. To accomplish this, the method of vibrational extrapolation used for tetrahedral
molecules was adapted to symnetric rotors using the theoretical model described i the

previous paper (15).

The exercise validated the theoretical approach and demonstrated that the rovibra-
tional effects within the Iriad could be extrapolated to the Nonad states. The present paper
reports the results achicved in both Triad and Nonad - ‘Iviad systems.

2. 1. coretical Framework

An eflective Hamiltonian in tensorial form has been used to provide a consistent
simultancous analysis of the lower polyads of the molecule. As described in the previous
paper (15), any possible vibration-rotation term is constiacted from tensor productls of
clementary operators.

Rotational operators are given by tensor powers of e standard dimensionless angular
moment operators referenced to molecule-fixed axes. Vibrational operators are given by
tensor products of creation and annihilation cleientary operators associated with the six
normal modes of the molecule. Rovibrational operators are then obtained from totally
symmetric and hermitian tensor products of the previous operators.

According to the vibrational extrapolation method developed for tetrahedral molecules
(6), in the present case, the effective rovibrational hamiltonian adapted to the polyad struc-
ture of the C'113D molecule is expressed as:
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where e subsequen erins correspond to a given polyad.
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contains pure rotational operators (so-called Ground State terns).
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gathers all ¢°J type operators (so-called Iriad terms).
Finally Hyonea gathers all operators (so called Nonad terms) of the type ¢2J% ¢%J%
1 \2

and ¢ according to
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In the above expressions, §1is the degree in clementary components J., I the tensor
rank relative to the space rotation group 0(3), « refers to the projection on the Oz axis, ()
" and 1" designate the synimetry in the point group Chy. s and b refer to stretching and
bending modes respectively.

The effective Hamiltonian associated with the subsequent polyads include one. two
or three sets of terms obtained by projection of Ig(1) ou the corresponding subspaces

N8> NGy (5)
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The dipolar transition moment is similarly expressed in tensorial form. I is partially
transformed according to the polyad pattern of the C'HsD) molecule. In the present work
both Triad - G.S. and Nonad - Iriad systemns are considered. The corresponding transition
moments arc formally expressed as

AQ%..\S::QVV Am.nw.h_:.:z_v ,
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The Tower order terms are the same in the above two expressions. It means that, at
first approximation, the transition moments of the Nonad - ‘Iviad systemn can be estimated
[rom the intensity analysis of the Triad - GS band system.

In the present work, the successive terms of the Tlamiltonian expansion (1) have
been developed to the order 6,4 and 4 respectively in the Amat-Nielsen classification scheme
(/6). The corresponding numbers of symmetry allowed terns is 13, 89 and 474, The dipolar
transition moment was developed to the 0-th order including 3 teris.

3. Expcrimenta 1ctails

The experimental data used in the present study have two origins:

1 - Data from the I'TI'S of Laboratoire d’Infrarouge reported in (/8) and included
i the HITRAN and GEISA Databascs. Among the 3495 transitions listed in (171) up to
J = 18 (mcasured line positions and calculated line intensitics) we used 3240 transitions
only. The remaining transitions were not included in our fit because they were subject to
experimental inaccuracy (weak line on the wing of stronger line, discrepancy with respect (o
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our new experimental measurements, strongly asymmetric line profile ...). In addition, the
upper energy levels derived from such rejected lines generally had large deviations from the
corresponding average values calculated from other partner transitions.

2 - Scans recorded at Kitt Peak with long path lengths (Table 2).

Laboratory spectra of C Hsz D were recorded at 0.0054 and 0.012 cin-1 resolution with
the McMath Tourier transform spectrometer Jocated at Kitt Peak National Obscrvatory/
National Solar Obscrvatory ncar Tucson, AR. The spectra for the 'I'riad region were oblained
using a KCI beamsplitter and helivin-cooled Ar-doped Si detectors while the spectra for the
Nonad region were recorded with the Cal'2 heamsplitter and In-Sn detectors. As seen
in Table 2, five different absorption cells were used. A G- base multipass chamber was
ciployed to achieve long path required to observe hot band lines. Signal to noise ratios of
300:1 or better were generally obtained with integration times of 70 minutes. To calibrate the
line positions, CO or OCS was placed in a sccond chamber in line with the cell containing the
C'11sD. Residual water lines were also used. Line centers were found by using the peaklist
program of the AirSentry project (/7) and by least squares curve-fitting of the unapodized
spectrum (/8). The rins of the calibration line centers of CO and OCS was 0.00005 c¢m-1 or
better. However, because of the complexity of the high density spectrum, the precision of a
C 13D line center {or a strong well 1solated feature was thought to be somewhat worse.

To assign the 900 new lines by combination differences, a quantitative criterion was
used to sclect transitions involving cach Iviad level in order to obtain an averaged exper-
imental energy assuming the ground state cnergies were accurately known. The standard
deviation on the resulting combination diflerences were 0.25 1072 am™ ! for 3317 transitions.
This value represents an estimate of the relative accuracy of the data fitted.

4. A nalysis of the Triad

The first step of thie present work was to convert the results of the previous analysis
(12 ), (13) into our tensorial model. Ground State paramcter s were taken from (/5) and
converted using the relations givenin (79), (/5 ). No refinement of the ground state constants
w as attempted since combination differences on our new data was found quite consistent
with experimental accuracy (See previous section). The Triadparameters of (11°), (13) were
used as initial parameters for our non hinear 11'ast-squares fit. The main parameters were
calculated using the relations given in (49 ). We chiecked both the theoretical relationships
and computerprogratns by reproducing the calculations of (77, (78) withinthe co miputer
accuracy forthe Gro und State.  Then we performed iterative fitting of the assign ments
mentioned above. Our best fit includes 42 Triad parameters adjusted on 3377 transitions
up to J = 18 including practically all possible values of K upto K = 17 for the three
bands. The overall standard deviation was 0.56 1 072 0//’] (0.60 cm™ ' for 14, 0.52 ¢!
for v, ().57 am org). Table 3 gives the values of the 42 adjusted parameters (Ground
State paramecters were kept fixed). As seen in the last col winn of Table 3, whicl gives the
classical terms involved inour tensorial oper ators, the model applied for the Triad includes
all the diagonal quartic terms, cight Coriolis terms, nine anharmonic terms plus three terms
(#/ 50, 51 and 69) not considered in the prior st udies. We have not con vert ed our « ensorial
paramet ers into the crassical spectroscopicconstants be:cause our predict ion would not be
reproduced if these new terms were omitted. Note that the diagonal Triad terms denoted
by A represent vibrat ional dependencies of T he coriesponding g round state values.
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The imp1 ovement of one Order of magnitude for the standar d deviation on the po
sitions with respect 10 the previous analysis can be explained by several rea sons: (i) a few
wrong assignments have been eliminated (i) blended transitions have been rer noved from
the fit (i11) all group theoretically allowed terms was systematically considered using our
algorithims. Note that a scensible improvement would certainly have been obtained using the
new set of data with the model of the previous analysis. 1 lowever, the n(w terms considered
here proved to be significant. The remaining discrepancy between the standard deviation
achicved and the experimental precision estimated from combination differences sugges ts
that higher order terms should be added. Such an extension would require a detailled study
of the ambiguities of the cffective Hamiltonian which was not in the scope of the p resent
paper. To calculate line intensities, we repeated the fit of the 80 measurements of Ref. (17)
inorder to get intensity para neters consistent With ou r present eigenfunctions. The values
of the corresponding dipole moments to the same ord er of approximation in tensor form are
listedin *1'able 4. We hiave not converted our tensorial paramet ers into the classical constants
for the same reason as for Hamiltoni an parameters. The standard deviation obtained on the
80 data was 3.8% . Despite the fact that ourmodel gives amore systematic description
of first order perturbation effects than the empirical Herman-Wallis const ants, this value is
sligthly larger than the value of the priorresults. This 1S probably because, unlike in the
prior results, inour {it @l data were given the same weight.

Table 5 lists transitions near 1 154 cn’l, showing the obser ved position, calculated
ntensity, observed - calculated  position and quantum assignment. Figure 1 illustrates the
quality of the 'l'riad analysis by showing the observedandcalculated spectrain the region
of thewg Q branch at 1145 em ™. The residual differences in percent arc plotted along the
bott 1l.” T'he observed data is the first spectrum listed in Table 1.

5. Assignment of the hot band system Nonad - Iriad

After the new study of the Triad was completed, t he line positions and intensitics of
the Nonad 111 ad system were predicted. The parameters for the Nonad upper state levels
were taken from preliminary analyses of the 3 to 5 jon spectra using the model defined by 15q.
(1). Thislatter work is to bereportedinasubscquentpaper. ‘T'he hot band intensitics were
estimatedthrough direct extrapol ation of the Triad dipolemoments s follows. We used the
first order paramcters involved in the Trviad-G S part of Fgs. (8 and 9) determined from the
fit of the 80mecasurements of the Triad mentionedin the preceding Section(parameter values
quotedinTable b). This set Of paramecters provide anrestimate of the Nonad- T'riad hot band
int ensity good to the zero- th order of approximationonly since there exist 11{irst order extra
pa ramcters in the Nonad-Triad part of I5q 9 that were not considered. These omitted terms
arc pure vibrational terms connect ing the ‘1 riad to the funda mental states o f the Nonad.
Table 6 1ists sammations of the predicted line intensities for 24 hot bands involving seven
of the Nonad upper states. For the reasons mentioned above, the stuns reported in Table (i
should not be considered as the true integrat ed band str engths, but they do provide some
indication of the band intensities. In fact, from visual inspection of the spectra, we found
a satislying agrecement between the predicted hot line intensities andthe observedones. A'S
scen in Table 6, the strongest hot bands a1 ¢ predicted to be 2i6(1) - Avy v, v -l v Ve,
vy v - vy and 20y - vy, and most of  he 600 assigned hot band lines belong to these ha nds.
A sample of low J identifications are shown in Table ‘[. Additional effort willhe made k)
extendthehot band analysis as part of the Nonad study




G. Conclusion

The present analysis represents the first step of a global description of the infraved
spectiumof thel C 1151 molecule. The theoretical 1iodel was chosen to match the polyad
structure of the molecule. The ten sorial formali sin wa s nnpler nented using new al gorithims
especially adapted to the simultancous analysis of complex polyads of polyatomic molecules.
New experimental measurcinents have b cen reported and used in complenment of already
published data.

The results achieved in the present work include several aspects: (1) The accuracy of
the fit of the Triad transition frequencies has been improved by one order of magnitude with
respect to the most recent study; (i) The corresponding set of Hamiltonian ter s provides a
good description of the rovibrational interacti ons arnong the bending modes of the molecule,
direcetly extrapolable to upper polyads; (iii) Many transitions of the Nonad - Iriad system
have been predicted and identified. They have significant contributions in the 7pn region
andprovide useful informations 011 the Nonad upperlevels  The first comprehenisive analysis
of the Nonad system s in progress, and Will be reported ina subsequenit paper.
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Table | . Vibrational Fnergies of the Triad and Nonad of €11,

~ Band Symmetry  Center em™ ' (J: ()) Ident Numb

g 1< 1161.1030 9
Vs Al 1306.8478 3
Ve 15 1472.0234 4
v, A 2200.0367 (
W A, 9316.2765 17
W I 2323.2953 16
vs - g I 2465.4635 9
Diry A 2597.6808 7
vs -l v 5 2623.4389 15
vy g A 2633.1592 13
s A 1 A, 2634 8333 14
s vy I 2176.2862 8
D1, A 2910.1146 12
I 15 2940.0985 1]
” A 2969.5166 ,
V4 D) 301 6.7089 10
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Table 2. Conditions of the Kitt Peak experiments.

Min  Max ‘TU(sll( Path  Tempatwre Resolution  Calibration

cn-1 em™?' Torr meter K e !

600. 1400”7 44.3 ()05 293.5 0.0056 0CS

950. 2750. 131 25.0  296.2 ().0054 1,0

950.  2750. 1.31 97.0  296.4 0.0054 1,0

950. 2750. 131 385, 296.2 ().0054 11,0

950. 2750. 0.13 250  296.0 0.0054 1-0co
1800. - 5500. 4.88 0.05  291.0 0.0118

1800. 5500. 4.88 2.39  291.0 0.0118 2-0 'O
1800.  5500. ().72 2.30  291.0 0.0118

1800. Moo. 89.6 150 295.6 (0).010{) 1-0cCO




Table 3. Effective 11 amiltonian paramecters for the Iriad of C1141).

Nomenclature
Rotational Vibrational Par aineter value

Ground State constants

1R2(0,0A1) *“000000000000 4.3370 50770 A D
2 R2(2,0A1) 000000000000 0.2797663647 A B
3 {4(0(/\1 j 000000000000 -7.89402s 10" ° DY DI & ik
4 4(2,0A1) 000000000000 5.188116 10-( DI DRK
5 4(4,0A1 ) 000000000000 2.35G01510" ¢ DRK
(i '6(0,0A1) 000000000000 3.74800010-<” N7 qpdIn ppIke gk
7 6(2,0A1) 000000 000000 1,940455 1) 10 IR IR g
8 6(4,0A1)  000000000000” 1.036627 10-" IR i
9 RG(6,0A1))00000000 -4.317880 10 '2 He
Diagonal 4 terms

10R0(0,0A1) 001000001000 1306.847852(44) v
11 R2(0,0A1) 001000001000 -6.961712(45)10°% ANA; AI3
12 R2(2,0A1) 001000001000” 1.222042(17)10% AA: A3
13R4(0,0A1) 001000001000 3.291(49) 10°7 ALY ADIN ADEE
14 R4(2,0A1) 001000001000” 3.636G(11)10° 7 NDIE S AN DIE
15 R4(4,0A1) 001000001000 -1.3889(39) 10- AV

vy < - > v interaction terms
17 R1 (] 11‘) 001000 00001 0 -4.10099 21(79) 1,
18 R2(2,1 001000000010 0
19 R2(2 21« ) 00JO00000010 ()
20 R3(1,112) 001000000010 -2.01729(46) 10° (3 (3
21 R3(3,11) 001000000010 4.”/947(28) 10°° (e
22 R3(3,215 ) 001000000010 0

vy < 7> g interaction L(l] ns
28 RI(1,115) 601000000601 2.4372543(9¢ )('1
29 R2(2,1,11;) 001000000001 -6.81284(74) 10 * (2
30 ]{,2(2,21‘)) 001000000001 O
31 R3(1,115) 001000000001  7.5944(60) 10°° Ciar O3

001000000001 O
001000000001 O

321{.3(3,11’;)
33 R3(3,21)
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39 1{o(0lOA 1)
40 R1(1,0A2)
41 R2(0,0A1)
42 R2(2,0A1)
13 1{2(2,111)
44 1{2(2,21!)
45 R3(1,0A2)
46 R3(3,0A2)
A7 R3(3,3A2)
48 R4(0,0A1)
49 R4(2,0A1)
50 R4(2,11)
52 R4(4,0A1)
54 R4(4,115 )

57 RO(0,0A1)
58 R1(1,0A2)
59 1/1(1,11! )
60 R2(0,0A1)
61 R2(2,0A1)
62 1{2(2,11%)
63 R2(2,21%)
64 1{3(1,0A2)
651{3(1,114:)
66 R3(3,3A1)
67 R3(3,0A2)
68 1R3(3,3A2)
69 R3(3,11 )
.70 1{3(3,21")

81 RO(0,0A1)
82 R1(1,0A2)
s31R2(0,0A1)
841 R2(2,0A1)
85 R2(2,11% )
86 1{2(2,21":)
87 R3(1,0A2)
88 R3(3,0A2)
89 R3(3,3A2)
90 R4(0,0A 1)
91 R4(2,0A1)

91RA(4,0A 1)_

Diagonal vs ters

00001 O 000010 14 72.023447(52) v

000010000010 1.9138 s84(35) Acq
000010000010 -3.74390(54) 10°*  AA; AL
000010000010 -1.869123(30)10°* AA; NI3
000010000010 3.18871(20) 10°  ¢i;
000010000010 62465(17) 10" * 22
000010000010 0

000010000010 -7.0846(18) 10~ 5
000010000010 0

000010000010 -2.3579(59) 10°¢ A" ;. AD'N, ADKK
000010 000010 -4.595(15) 10-"7 ADIN L ADRK
000010000010 9.025(89) 10-7

000010000010 3.365(13) 10" 7 ADKEK
0000]0000010 2.608(53) 10-7

e < > pyinteraction terms
000010060001 o
000010000001  1.591202(24) 7,
000010000001 3.558019(44) o

000010000001 3.8550(23) 10-° 135 ek
000010000001 O
000010000001 O
000010000001 3.35602(72)107 2 1
000010000001 O
000010000001 O
000010000001  5.4705(85) JO-° O
000010000001 ©
000010000001  -6.406(91) 10~ ¢ IS
000010000001  5.625(12) 10 °
000010000001 O

Diagonal vg teris
000001 000001 1161.103040(79) v
000001 000001 -4 .400'/081 (82) Acq
000001 000001 7.3253(47) 1073 NA SN
000001 000001 1.10982(60) 10-° NA S AB
000001 000001 -3.1153(57) 10>  ¢i2
000001 000001 1.5116(94) 10-° (j22
000001 000001 -1.8809(19) 10 * 7,, o
000001 000001  -4.559(55) 1075 s
000001 000001 O
000001000001 -3.8'2(13) ‘10-' AV SXEENVAN DRELVAV DL
000001 000001 5.123(67) 10°-' ANDI S ADRE
000001 000001 -1.186([)8) 10-' ADKE



Table 4. Fflective ‘I ransition Moment Paraineters.

Nomenclature

Rotational Vibrational Paramcter value  Physical M caning
1 1{0(0,0/4,) 000000001000 A,  1.8310°% oy
2 R0(0,04,) 000000000010 I -1.97 10" 2 [t
3R0(0,04;) 000000000001 }; 4.52 10-° Ji6
4 R1(1,115)  000000" ()()0()10 A, 0.0 First Order
5 R1(1,130) 000000"000001 Al 1.2 10-4 Rotational
61{1(1,11':) 000000 0010600 I; 0.0 Corrections
7 R1(1,04;,) 000000000010 I7 ‘2410° »
sR1(1,115)  000000000010" I 0.0
9 R1(1,04,) 000000 ()()()0O1 ) 0.0
10 R1(1,115) 000000000001 ¥ 00 "
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Table 5. Sample of the Obs-Cale comparison of the IR spectrum of ('1151)

(a) (b) (c) (@) (&) (f)

Vv K C AVASN | K’C?
1153.0109 1.84E-24652.7794 -0.52 -3 11 6 Al 411 8A2
1153,1109 3.17E-22 1182.4530 -0.04 6 1 17 0 A2 4 17 1 Al
1153.1703 6.31E-23 284.5494 0.50 O 1 2 E 4 8 0 E
1153.3363 2.38E-23 1579.3286 -8.72 hot, 2 8 0 A | 9 8 1 A2
1153.4633 2.83E-23 1518.7508 -4.45 hot 2 7 0 A2 9 7 1 At
1153.4792 5.67E-22 105.1 .5484 -0.11 1 16 0 A1 4 16 1 A2
1153.5866 5.67E-23 222.5817 -0.47 O 1 7 2F 4 7 0 E
1153.61723.06E-22 1183.7861 -0.21 4 117 1 E 4 17 O F
1153,7800 1.56E-22 426.1866 -0.46 -2 I1T00A1 4104A2
1153.82729 9.74E-22 928.2355 -0.07 1 115 0 A2 4 15 1 Al
1153.8689 1.59E-22 813.8782 -0.84 O 114 1 E 4 14 5 FE
1154.0569 5.43E-22 1052.8856 -0.95 0 116 1 E 416 0 F
1154.14271.60E-21 812.5335 -0.06 0O 114 0 Al 4 141 A2
1154.1614 9.43E-23 1187.7864 -0.24 9 117 2 E 4 17 6 FE
1154.3017 5.60E-23 1191.7544 -0.21 hot 4 2 1E 16 2 0 F
1154 .4245 2.20E-22 1182.4530 051 4 1 17 0 A2 2 16 0 Al
1154.4395 2.53E-21 704.4611 0.07 -1 1 13 0 A2 4 13 1 Al
1154.4903 9.13E-22 929.5"[65 -0.01 O 115 1FE 4 15 0O E
1154.5326 2.18E-22 1183.7861 0.89 5 117 1 E 216 1E
1154.5329 1.45F-22 1326.2448 -0.11 4 118 2 E 4 18 1 E
1154.6398 5.07FE-23 1429.0613 -0.21 -4 118 9 Al 2 17 9 A2
1154.7137 3.82E-21 604.0352 -0.01 -2 1 12 0 Al 4 12 1 A2
1154.85562.12E-22 1187.7864 0.24 4 117 2 E 216 2 E
1154.9114 4.16E-23 1600.6448 -2.31 hot 4 10 2 A1 16 10 1 A2
1154.9424 1.38FE-21 813.87(82 -0.17 -4 114 1 F 414 O E
1154,9663 5.52E-21 511.2?"/22 -0.20 -3 111 0 A2 4 11 1 At
1155.0379 5.55E-23 1506.9886 5.65 hot 4 9 0 E 17 9 1E
1155.0707 1.77E-21 705.8092 -0.12 5 113 1 FE 4 13 0 E
1155.1545 5.31E-23 1524.1429 -0.45 hot 4 9 2 A1 16 9 1A2
1155.1995 7.57E-21 426.1866 -0.16 -3 110 0 A1 4 10 1 A2
1165.24575.27E-23 1524,0302 050 hot 4 9 2 A2 16 9 1 Al
1155.3544 2.03E-22 1194.4%67 0.(2 10 117 3 A2 2 16 3 Al
)155.4223 9.50E-21 348.7923 -0.05 -5 190A2 4 9 1 A1
1155.4416 2.03E-22 1194.4567 -0.82 -4 117 3 Al 2 16 3 A2
1155.4532 1.41E-22 1332.8936 0.08 * 118 3 A2 4 18 2 A1
1155.5217 1.09E-20279.1018 -0.44 O 1 80 A I 4 81 A 2
1155.5941 3.48E-21 605.3865 0.01 1 112 1 E 412 O F
1155.6861 6.30E-22 705.8092 -0.49 -9 113 1E 4 13 5 F
1155.7286 1.52E-20217.1261 -0.22 -2 1 7 0 A2 4 7 1 A1
1155.8321 1.93E-21 279,1018 -0.32 -7 1 8 0 At 4 8 4 A 2
1155.8792 1.73E~-20 162.8'/54 -0.20 -3 1 6 0 At 4 6 1 A 2
1155.9"763 7.04E-23 1393,7864 1.60 -3 4 7 2 A2 16 7 1 A1




1156.0049
1156.0140
1156.0295
1156.1084
1156.1509
1156.1909
1156.2525
1156.2937
1156.3368
1156.427?42
1156.4874
1156.5862

B OO0 = 0

.84F-20
.03E-21
.33kE-22
.82E-20
.90E-22
.65E-20
.32E-20
.54FE-21
.74E-23
.78E-21
49E-24
.19E-22

116.
512.
933.
77.
1203.
46.
23.

7
1613.
427.
770.
217.

3585
6264
6006
5828
8015
5547
2792

.7601

8573
5436
7004
1261

1156.62597.81E-23 1056.8982
1.37F-21 817.9132
1156.71147.21E-23 1294.2077
1156.8368 8.63FK-21 350.1518 --0.06
1156.96159.32E-23 605.3865

1156.6587

--0.07 O

-0.38
0.04
~-0.18
0.81
-0.14
--0.21
-0.04
-0.22
--0.02
--0.45
~0.19

--0.45
0.02 hot
--3.04 hot

-0.55

4
3
2
3
3
3
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0
6
5
4

O

1

-7

19}

[ S o S O e N S N N S5 Gy S Sy A S G S

= NO OO B O NN RO

= NN 0O N

A2

m

Al

A2

—
SN 0 JY S N N N A N\ S - N NS T O 2 - QS o N Y

5 1
11 O
15 1

4 1
16 4

3 1

2 1

1 1
17 12
10 0
129
7 4
16 6
14 1

5 1

9 0
12 b



Table 6. Iistimated intensity suimnmations Of the Nonad - Iriad System.

Band #lines  Minimum  Maximui Intensity summation
o an”! em”’ cim/molecule
v - v 90 1379 1568 3102
Qs - 1y 320 1100 1382 4 10-2
Qus — vy 169 1059 1231 1 10-22
Qg - Vg 9298 1190 1600 1 10--22
O B A T 488 1304 1622 (i 10-:
vy s - vs 710 1091 1397 21072
| B N 16 1534 1635 410"
vy vg - 3 645 1032 1373 110" 2
Vs - Vg - v 6 1094 1201 (i10-2°
vy -l Ve - Ve 120 1070 1570 91092
Vg — Vs 31 1500 1655 G102
25 (1Y) - vy 583 1310 1608 5 10- 22
2w5(Ay) vy 416 1288 1588 310 %
vs 4 ve(Ar) - 1y 9 1191 1424 6102
v 4 ve(Aq) - 1 250 1033 1380 41022
vs - ve(Ar) - g 233 1356 1629 5 10-22
Vs -| I/G(Ag) S 20 126 1176 139(| 9102
vs 4 ve(A2) - vy 485 1030 1385 1104
vs 4 ve(A2) - g 563 1308 1620 9 1p-22
vs 4 ve(l) - 1y 334 1108 1405 31022
v + va(10) -~ v 921 1026 1321 9 10%
vs 4 ve(ls) - vs 1012 19287 1610 ] 10-2
206(10) ~ vy 38 1080 1350 2108
2v6(19) - g 1141 102] 1396 1 10-2°
2v6(Ay) - 16 N 715 1032 1371 7104




Table 7. Sample of the Nonad - ‘I'iad hot transitions.

(a) (v)
12283.27731 1.5E-23
1296.6906 1.5E-23
12788.7617 2.1E-23
1144.7664 2.8E-23
1275.5766 2.8E-23
1151 .0861 2.9E-23
1135.7476 8.7E-24
1288.8266 2.8E-23
1141.9064 6.8E-24
1289.0075 2.0E-23
1275.6215 2.0E-23
1159.5629 5.2E-23
1137.1863 3.1E-23
1319.0426 2.3E-23
1281.0484 3.4E--23
1267."/’470 3.7E--23
131906453 5.0E-24
1319.3375 2.3E-23
1319.6126 5.1E-24
1127.8692 1.5E-23
1140.1832 2.9E-23
1154.3017 5.6E~23
1131.3057 2.5E-23
1281 .1742 2.2E-23
1319,1190 3.0F-23
1280.7643 3.7E-23
1319.2780 2.2E-23
1280.9530 3.2E-23
1267.(943 3.3E-23
1432.2144 5.1E-23
1128.8087 2.9E-24
1420.6973 8.2E-24
1319.4059 5.2E-24
1319.3725 6.9E-24
1436.0484 4.0E-24
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900 F
811 Al
17 0 1 A2
701A7
16 1 1 E
1611 K
901 K
901 K
911 K
711 E
17 0 2 Al
17 0 2 Al
912 Al
912 Al
702 Al
812 A1
912 A2
812 A2
16 1 2 E
17 1 2 E
16 0 2 F
16 0 2 F
922 FE
902 K
902 K
912 E
912 F
712 E
16 0 2 E
16 0 2 E
16 2 2 E
812 K
802 FE
11 2 2 FE
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0.02
-0.88
0.41
0.21
0.09
0.47
0.66
-0.05
0.20
-0.30
-0.278
-0.13
0.00
-0.73
-0.29
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-0.10
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0.07
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IYigurce Caption

Iigure 1 FTIR spectr um of C'HD in the region of the vg Q b ranch.

footnote: The spectrum was recorded at 0.0056 cin 1 resoluti on with a path Of 0.05m
and a pressure of 44 torr at 293.5 K. The traces a1 ¢ the simulated (top) and observed
(middle) spectra, with the observed - calculated residuals inpercent (b ottom). The scale
of the residual plot is46%. Thesynthetic spectrum was calculated using a Voight profile
wit |y a self pressure broadening cocflicient of 0.09 i ! fatim. The corresponding line list. is
1 eported in Table 5.
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Table Captions

Table 1. Vibrational Energies Of the Iviad and Nonad of ¢ 113D,
foolnote: The Number quoted iy the last column is used to identify the vibrational
levels in Tables & and 7.

Table 2. Conditions Of theKitt Peak experiments,

Table 3. Effective Hamiltonian paramecters for the ‘I'riad of CHal).
footnote: A1l values incn,

Table 4. Eflective Transition Moment Paramcters.
footnote: Valuesin 1 debye  Five first order parameters were found not significant and
then fixed to zero.

Table 5. Samnple of the Obs Cale comparison of the IR spectrum of CHyD.

footnote: The frequency 1 ange corresponds to Iig 1. (@) Observed wavenumber in
an® ;) (b) caleulated intensity in ¢ /inolecule assuming 100% €151 (the intensity thresh-
old is 1072 cin/moleccule) ; (c)lower s nergy in e 15 (d) Obs.- Calc. residuals from present
work in 107 %em ! (¢) Obs.-Calc residuals a@s reported in (12)in 107 2an” * () Assignment:
\?2IJKCV’J 1< C arc the quantum numbers for the lower and upper levels respectively: V
and V’designate we vibrational levels (refer to Table 1); Jand J are the rotational quant um
numbers; K and 1<’ denote the absolute value of the rotationa projection quantuin number;
Cand C designate the symmetiy species in the Cy, group. "hot” isused to draw attention
011 Lot band transitions ; * indicates assignment modification with respect to (12).

‘1’able 6. Estimated intensity siinmations of the Nonad Triad System.
footnote: Summations based 011 anintensity t hreshold of 10 2° ¢!/ (molecule.cm
#Yassuming 100% C1l3D. ‘1" hese summations are not accurate indications of thie true
integrated band strengths.

Table 7. Sample of the Nonad Triad hot transi tions.

footniote: @) Calculated wavenumber in an” Y- () Calculated intensity in em/molcculc
assiining 100% C 113D (the intensity threshold is 10- #® i finolccule) ; (¢) Assignment (sce
footnote of Table b) ; The extra colummns N and N’ are the running numbers of thelevelsin
increasing order. (d) Averaged discrepancies among transition partnersin 103em 15 (¢) 1
i": Number of assigned partners involved in the Lower and Upper levels respectively.
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